ABSTRACT Phlebotomus argentipes (Annandale and Brunetti) (Diptera: Psychodidae) is the phlebotomine sandßy vector responsible for the transmission of Leishmania donovani (Kinetoplastida: Trypanosomatidae), a parasite capable of transmitting the communicable disease, visceral leishmaniasis (VL) or kala-azar, in the Indian sub-continent. This paper presents the preliminary study on the laboratory-based behavioral responses of P. argentipes females to blood-feeding host and P. argentipes males or male extracts, for mating aggregation and blood feeding.
Visceral leishmaniasis (VL), also known as "kala-azar" is a severe form of leishmaniasis in the Indian subcontinent. The disease is caused by the protozoan parasites of the Leishmania genus, which is transmitted by an insect vector, the sandßy of the Phlebotomus genus in AfroÐEurasia (Swaminath et al. 1942 ) and the Lutzomyia genus in the western hemisphere (Ward et al. 1983 ). In India, integrated vector management, involving the use of indoor residual spraying (IRS), long-lasting insecticide treated nets (LLITN), and environmental management, is efÞcacious to reduce sandßy densities (WHO 1996 (WHO , 1997 . However, cost, onerous treatment, as well as concerns on environmental contaminations and resistance to insecticides, are among the major challenges to the goal of effective control of endophilic sandßies (Das et al. 2008 , Kumar et al. 2009 ).
It is well-documented that chemical odors emitted by plants or animals, known as semiochemicals, evoke a behavioral or physiological response in another organism. Semiochemicals, such as insect-produced pheromones and host-produced kairomones, are widely used in agriculture to monitor or control crop pests. Research efforts currently are in progress to identify the semiochemicals associated with insect vectors of human diseases for possible use in the integrated management of the insects (Pickett et al. 2010) . The male Lutzomyia longipalpis (Lutz & Neiva) (Diptera: Psychodidae) is the main sandßy vector in Brazil, which produces sex pheromones (Lane et al. 1985 , Phillips et al. 1986 ) that are attractive to female sandßies under laboratory and Þeld conditions (Morton and Ward 1989 , Nigam and Ward 1991 , Hamilton 1992 , Hamilton et al. 1999 , Bray et al. 2009 ). Similar to observations in the Sri Lanka populations of Phlebotomus argentipes (Annandale and Brunetti) (Lane et al. 1990 ), mating behavior in L. longipalpis typically involves lek formation (mating aggregations) by males on or above the host animal (Jarvis and Rutledge 1992). Female sand ßies are attracted to the maleformed leks where mating occurs, and are given the opportunity to blood-feed at same location (Jarvis and Rutledge 1992). Understanding how sandßy pheromones function within a natural context could be crucial to their effective deployment as lures for monitoring the insect vector (Bray and Hamilton 2007) . Laboratory studies have demonstrated that female sandßies, especially L. longipalpis, are attracted to several components of host odor, but they show a preference for hosts or host odors presented in combination with either male ßies or sex pheromone (reviewed in Bray and Hamilton 2007). However, to the best of our knowledge, no data suggesting the female behavioral patterns leading to such aggregations has been reported in the Indian sandßy vector. The present investigation reports the preliminary observations on the female P. argentipes behavioral responses toward host and P. argentipes males or male insect extracts in the laboratory.
Materials and Methods
P. argentipes used in the experiments were reared in our laboratory at Rajendra Memorial Research Insti-tute of Medical Sciences (RMRIMS), Patna (India). The colony was established from sandßy collections made from the landing sites in Vaishali District, Bihar, India (25Њ 52Ј 0Љ N, 85Њ 11Ј 0Љ E) during the postmonsoon months of AugustÐSeptember 2007. The sandßy colonies were maintained according to standard rearing protocols in humidiÞed insectariums at 28 Ð30ЊC, 80% RH, and a photoperiod of 12:12 (L:D) h, and experiments were carried out using the ßies from 32nd generation onwards (Modi and Tesh 1983, Kumar et al. 2011) . To ensure collection of unmated virgin adults, ßies were sexed 0 Ð 6 h posteclosion every day, based on the presence of conspicuous claspers attached to the last abdominal segment in the males, then put in separate 20-cm 3 nylon netted Barraud cages (Barraud 1929) before onset of courtship behavior (Morton and Ward 1989,Nigam and Ward 1991) . The ßies were supplied with cotton wicks soaked in 10% sucrose solution for 4 Ð5 d. P. argentipes male insects were used for the preparation of the male extracts, whereas female insects were used in the bioassay experiments for observation of behavioral responses to male extracts, male insects, and blood-feeding hosts. Rabbits anesthetized with ketamine, 10 mg/Kg given intramuscularly (male, New Zealand strain, 2Ð3 yr old, fed twice a day upon a diet comprising of gram, carrot (Daucus carota L.), cucumber (Cucumis sativus L.), and cabbage leaves (Brassica oleracea Linne) were used in the experiments as the blood-feeding host animals (Kumar et al. 2011); (The RMRI Institutional Animal Ethical Committee has the license for the laboratory rearing of sandßies in the insectariums and rabbits in the animal house of RMRI and for the proposed research study using these animals, as per the directives and guidelines of the Government of India.).
Experimental Arena. The experimental setup was designed in a Barraud cage of dimensions 30 cm by 30 cm by 38 cm built with glass frames on Þve sides and a nylon net Þxed to the front door frame, to accommodate the hopping movement pattern of sandßies. The cage was arranged within the insectariums under the conditions of 27Ð30ЊC and 75Ð 80% RH. The experiments were conducted 3Ð 4 h before the start of the scotophase (1700 Ð2000 hours IST), which coincides with the greatest activity of sandßies in nature (Morton and Ward 1989, Nigam and Ward 1991) .
Insect Extraction. Live males were manually taken into a glass aspirator and were anesthetized by cooling in a deep freezer at Ϫ20ЊC for 5Ð10 min to enable ease of counting and transferring of the insects. Hexane extracts of unmated 4-to 5-d-old P. argentipes males were prepared by placing 100 insects into a 2-ml glass vial (Wheaton, Sigma-Aldrich, India) containing 1-ml spectrophotometric grade hexane (purity Ͼ95.5%, Spectrochem Pvt. Ltd, Bombay, India). The vials then were sealed and allowed to stay for 5Ð 6 h to ensure mild nondestructive extraction of volatile organic molecules produced by the male sandßies before the insect extract was Þltered. The supernatant was passed through a 25-mm diameter. Acrodisc syringe Þlter pore size was 0.2 m (Sigma-Aldrich, India) to remove any undissolved materials from the Þltrate. The Þltrate was stored in a freezer maintained at Ϫ15ЊC until used for bioassays (Nigam and Ward 1991, Hamilton et al. 1999) .
Experiment 1: Responses by Female P. argentipes to Male Extracts. A two-choice bioassay was used to examine the responses by female P. argentipes to male extracts. Two 9-cm-diameter petri dishes were placed 10 cm apart in the experimental arena (Barraud cage). A 25-cm-diameter Whatman Þlter paper (Sigma-Aldrich, India) impregnated with 25 l of male extract (T) was placed inside one of the dishes. The second dish, which served as control, contained a Þlter paper of similar dimension that was impregnated with 25-l hexane solvent alone (C). 25 female sandßies Ϸ4 to 5 d old that had not mated were introduced into the experimental arena by using an aspirator. The response variable was the number of hopping visits that female ßies made to the extract-treated or control disc with a probability of multiple hops by the same female either on to the test, the control disc, or both. Fly behavior was observed through the glass surfaces of the cage and data were recoded independently for 1 h. Technicians wore facemasks to prevent their breathing from interfering with the bioassay. The positions of the discs were altered during the experiment half way through the insect replicates to eliminate any environmental bias resulting from position. The experiment was repeated 12 times at different time points and cages were cleaned thoroughly after each experiment. Fresh batches of female insects were used in each experiment to avoid saturation of the insect chemoreception. The results were analyzed for statistical signiÞcance (Table 1) by using the SPSS (Version 3.0) package by one-way analysis of variance (ANOVA). The F-test was applied for comparing equality of variance between two independent groups and T-tests were applied for comparing means of variables between two groups for both equal and unequal variances. Experiment 2: Responses by Female P. argentipes to Male Extract and Host Odor. In addition to Þlter papers impregnated with male extracts or solvent control as described in experiment 1, treatments in experiment 2 included a live male rabbit Ϸ2Ð3 yr old, which served as a source of host odor for aggregation and blood feeding in the Barraud cage. The anesthetized animal was laid on its back, leg sprawled outward such that its soft belly pointed upward. Twenty-Þve unmated females that were Ϸ4 to 5 d old were introduced into the cage containing the three choices. The response variable was the number of hopping visits that female ßies made to the treatments (male extract, host animal) or control discs during a 1-h observation period. The observation and data recording of ßy responses, for 12 replicates using fresh batch of females at different time points, was carried out simultaneously as described in experiment 1. Observations for female responses were analyzed for statistical significance by one-way ANOVA(ANOVA) and the F-test followed by posthoc TukeyÕs test for comparisons (Table 2) .
Mating has never been a problem in Phlebotomine sandßies and apparently it takes place in cage-release either before or after a bloodmeal. For the laboratory rearing of sandßies, it would be desirable, and in some cases probably necessary, to have males constantly present in the rearing cages (Hertig 1964 , Modi and Tesh 1983 , Kumar et al. 2011 . Hence, after 1 h, 25 unmated male sandßies of 4 Ð5 d old were introduced into the cage to observe the host seeking and mating behavior of males and females. It was possible to observe the female and male behaviors individually, as the sandßies are not active ßiers, and they can be identiÞed through the observation of the absence or presence of claspers. Male behavioral response to the host animal for aggregation and female behavioral response to these male leks and blood-feeding host, as percentage blood feeding, were recorded during 1-h observation periods for all 12 sets of replicates by using fresh batches of females in each experiment (Table 2) .
Experiment 3: Attraction of P. argentipes to Combination of Male Extract and Host Odor. Two different treatments were used to compare the responses by female sandßies when presented with a combination of host odor and male extract instead of live males, relative to a combination of host odor and hexane control. Two male rabbits of similar age were used in the experiment. The animals were anesthetized and positioned in a Barraud cage as described in experiment 2. A 25-mm-diameter Þlter paper impregnated with male extract was placed midway on the exposed belly of one of the rabbit while a Þlter paper impregnated with hexane alone was placed on the other animal. Twenty-Þve female sandßies Ϸ4 Ð5 d old that had not mated were introduced into the cage. The response variable was the number of hopping visits that female ßies made to the treatments (male extract and host odor) or control discs. The observation and data recording of ßy responses were carried out simultaneously as described in experiment 1. The results for 12 sets of experiments by using fresh batches of insects carried out at different time points were analyzed for signiÞcance (Table 1) by one-way ANOVA. The F-test was applied for comparing equality of variance between two independent groups and the T-test for equal or unequal variance.
Results
Responses by unmated female P. argentipes to Þlter paper impregnated with male extracts were signiÞ-cantly higher (t-test ϭ 3.245 at d.f. ϭ 16.45; P ϭ 0.005) than responses on solvent control, i.e., Þlter paper impregnated with hexane alone (Table 1) . Responses by unmated female ßies to male extract and host odor (anesthetized rabbit) were similar (P ϭ 0.405) but signiÞcantly different when compared with extract and control (P Ͻ 0.001), and host and control (P Ͻ 0.001) ( Table 2 ). The addition of male P. argentipes extracts to rabbit odor increased the number of unmated females attracted to the extracts (t-test ϭ 4.70 at d.f. ϭ 13.34, P ϭ 0.0004) relative to solvent control, indicating that host and male-sandßy released odors may have synergistic effects (Table 1) .
In the absence of live males, female P. argentipes did not initiate feeding activity on host (rabbit) in the treatments where the male extract was combined with rabbit and solvent control (experiment 2). During most of the 1-h observation period, the females appeared to be confused in locating the host and were randomly moved from extract to host and vice versa without taking any bloodmeal (experiment 2). However, male ßies were observed to form leks within 5Ð10 min of their introduction into the cage, which stimulated female ßies to begin assembling near the lek, and hopping and feeding on the animal (70.66 Ϯ 06.46%) ( Table 2) . 
Discussion
The male lekking behavior on a blood-feeding source was very peculiar to phlebotomine sandßies (Lane et al. 1990, Jarvis and Rutledge 1992) and also reported to be associated with male produced sex pheromones and host odors, which help females locate the males for mating, and the human or animal host for blood feeding. In Þeld observations involving Sri Lankan P. argentipes, L. longipalpis(Lutz and Neiva) and P. orientalis, on the wild animal hosts, the females were not known to produce a pheromone, but found to communicate with males at close range using visual (wing beating) and acoustic cues (Lane et al. 1985 , Ward et al. 1988 , Kelly and Dye 1997 to arrest them for copulation (Ward et al. 1988 , Lane et al. 1990 ). In line with the above observation, in our aggregation experiments, the female could take feed only in the presence of male leks, but not with the male extract ( Table 2 ). It was observed that, when live males were present in the cage along with the host animal (experiment 2), the male P. argentipes exhibited deÞnite courtship behavior, by way of ßuttering the wings to attract the females toward male leks for mating and bloodmeal. Most of the females had started feeding subsequent to mating; 15Ð20 min after release of the males as reßected in the percentage female feeding (70 Ð 80%) and almost nil without the presence of live males.
Therefore, the present laboratory based preliminary behavioral study accounts for observations on behavioral attraction by female P. argentipes toward conspeciÞc male insects (extracts, live males, or both) and blood-feeding animal bait, paving way for further examination of the possible release of behavior modifying chemicals. This may lead to the assembly of both sexes on the blood feeding host animal, and result in the build up of the vector population. This ultimately leads to parasite and disease transmission. Therefore, this study forms a foundation for future research initiatives in the chemical ecology of the Indian sandßy, and hopefully, leads to a potential alternative and noninvasive vector control strategy of VL in the Indian subcontinent (Bray et al. 2009 ).
